Renal metastasis from primary colon cancer is very rare, comprising less than 3% of secondary renal neoplasms. There are just 11 cases reported in the medical literature of colonic adenocarcinoma metastatic to the kidney. Of these cases, none occurred via direct invasion. We report a unique case of a 51-year-old female with extraluminal colonic adenocarcinoma which directly invaded into the kidney. Additionally, we investigate the causal relationship between the site of invasion and a previous stab injury by reviewing the role of the peritoneum and Gerota's fascia in preventing the spread of metastatic cancer into the perirenal space. Due to the rarity of this event, we present this case including a review of the existing literature relative to the diagnosis and treatment.
Introduction
Colon cancer affects more than 150,000 Americans each year, and is responsible for approximately 10% of cancer mortality in the United States [1] . More than 90% of colon cancers arise sporadically via the adenoma-to-carcinoma sequence [2] . Hereditary polyposis and nonhereditary polyposis syndromes represent less than 10% of colon cancers [2] . The liver is the most common site of colon cancer metastases because the venous drainage from the colon enters the portal system. Once metastasis to the liver has occurred, the lungs, peritoneum, pelvis, and adrenals may also become involved [1] . Renal metastasis from primary colon cancer is very rare, comprising less than 3% of secondary renal neoplasms, and usually occurs via hematogenous spread [3] . A comprehensive MEDLINE search resulted in only 11 case reports within the medical literature of colonic adenocarcinoma metastatic to the kidney [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] . Of these cases, none occurred via direct invasion. We report a unique case of a 51-year-old female with extraluminal colonic adenocarcinoma that directly invaded into the kidney. Furthermore, we investigate the causal relationship between the site of invasion and a previous stab injury by reviewing the role of the peritoneum and Gerota's fascia in preventing the spread of metastatic cancer into the perirenal space.
Case Report

Initial Presentation.
In January 2010, a 51-year-old female presented to a rural hospital with a one month history of left lower and upper abdominal quadrant pain. The patient was admitted to the hospital with the preliminary diagnosis of pancreatitis. After admission, the patient developed gross hematuria. It was discovered that the patient had a past medical history significant for a stab injury in 1998 to her left kidney with involvement of the left renal artery. At that time, the patient underwent a transabdominal/transperitoneal partial nephrectomy. Due to the patient's complicated past medical history and her present gross hematuria, the decision was made to transfer the patient to our service for a higher level of care.
Hospital Course.
After admission to our hospital, a transurethral catheter was placed, which showed gross hematuria. Upon further evaluation, the decision was made to perform a cystoscopy and evacuation of blood clots. The urethrocystoscopy showed no gross pathology in the urethra and bladder. The left and right orifice were normal in size, place, and configuration. In order to locate the source of bleeding, bilateral ureteroscopy was performed. The right ureter and renal pelvis were found to be unremarkable. The left ureter also appeared to be free of pathology. However, at approximately the level of the ureteropelvic junction, a papillary mass was noted that appeared to extend into the left renal pelvis. A biopsy was unable to be obtained due to significant bleeding. After the blood clots were evacuated, and taking into account the past history of hematuria with a small, atretic kidney, it was deemed necessary to pass a stent into the left ureteral pelvis. The patient tolerated the procedure well. The results of the cystoscopy were discussed with the patient, and a nephrectomy was being considered to remove the tumor. However, after cystoscopy the patient developed an ileus. She was also very malnourished. Once her bleeding and ileus resolved, the decision was made to allow her to be discharged home to recuperate in order to better tolerate the nephrectomy. The patient was for a followup appointment two weeks later to evaluate for a nephrectomy. The patient did not show up for her appointment and was lost to followup. Seven months later, the patient was admitted to the hospital complaining of progressive left flank and left-sided abdominal pain that gradually increased in intensity for four days. It was accompanied by nausea and vomiting, dysuria, and frequency. The patient stated that she had no bowel movement for 3 weeks. She also complained of poor appetite and weight loss, but did not know the amount of the weight loss over the past few months.
On physical exam, the patient was found to be in moderate distress. She was alert and oriented with mild cachexia. The abdomen was soft, with moderate tenderness to palpation of the left side with the pain radiating to the left groin. The abdominal exam was negative for rebound tenderness and positive for bowel sounds. A surgical scar 3 inches in diameter was visible in midline. Two ventral hernias were also visible on the abdomen. The physical exam also showed costovertebral angle tenderness bilaterally, with marked tenderness on the left side. The patient also was found to be septic at that time.
For further evaluation of her newly diagnosed ileus, the patient underwent a gastrointestinal series with small bowel imaging. The proximal small bowel demonstrated intermittent mild dilatation. The obstructive point was not clearly identified. Contrast media extended through the jejunum and ileum without evidence of obstruction. The terminal ileum was normal in appearance ( Figure 1 ). Additionally, a colonoscopy was performed which revealed a stricture at the site of the splenic flexure. No intraluminal tumor was encountered. A standard computed tomography (CT) scan of the abdomen and pelvis with and without IV contrast was obtained. The CT scans showed some stranding and thickening of the soft tissues immediately below the lower pole of the left kidney. There was also some stranding immediately around the splenic flexure that began immediately below the tail of the pancreas. No soft tissue density was present to suggest a mass. There was no evidence of bowel obstruction, but the small bowel in the abdomen was mildly distended and filled with fluid possibly representing mild ileus. The nephroureteral stent was noted on the left side in stable position (Figure 2) .
At this point, the working diagnosis of a malignant tumor of the left-sided renal pelvis invading into the perirenal space with involvement of the descending colon and tail of the pancreas was made. Once the patient was stabilized, the left-sided ureteral stent was removed and the patient was optimized for an exploratory laparotomy. The patient underwent radical (en bloc) resection of the left kidney including partial colectomy, splenectomy, partial pancreatectomy, and partial small bowel resection. Intraoperatively, a large mass in her left upper quadrant was encountered that appeared to originate from the left kidney. The tumor was locally invasive, involving the very proximal jejunum, the splenic flexure of the colon, the left adrenal gland, and the distal aspect of the pancreas. This situation necessitated an en block resection. On gross pathology, the measurement of tumor size was not definite, but appeared to be 8 cm in maximal dimension. The specimen was partially necrotic and presumably obliterating the colon. The tumor did not involve the lumen of the colon or small intestine. Microscopic examination showed a poorly differentiated carcinoma of the colon invading into the kidney. Noteworthy, the tumor was only identifiable in the submucosal layer of ISRN Urology the colon. Immunohistochemical stains for CK20 and CK7 were performed and found to be uniformly CK20 positive and CK7 negative (Figure 3 ). These findings strongly evince a colonic origin for the entire tumor. At this point, the diagnosis of an extraluminal colonic carcinoma invading into the kidney was made. Tumor stage according to the TNMsystem was pT4b, pN1b, pM1a. After adequate recovery from surgery, the patient will undergo adjuvant chemotherapy.
Discussion
To the best of our knowledge, there is no documented or similar case published in the literature, where extraluminal colonic adenocarcinoma directly invaded into the kidney. Of the 11 case reports within the medical literature of colonic adenocarcinoma metastatic to the kidney, none occurred via direct invasion [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] . Another unique aspect of this case is the relationship between the site of tumor invasion and the patient's previous stab injury. The rarity of this event and its relationship to the site of a previous stab injury led us to investigate the role of the peritoneum and Gerota's fascia in preventing the spread of metastatic cancer into the perirenal space. The retroperitoneum is formed by three tissue layers: the inner, intermediate, and outer layers. The inner layer forms the visceral fascia, the intermediate layer forms the renal fascia, and the outer layer forms the fascia lining the body wall [14, 15] . The retroperitoneal space is the area of the posterior abdominal wall that is located between the parietal peritoneum, the transversalis fascia, and the perirenal fascia [14, 15] . The renal fascia divides the retroperitoneal space into three distinct compartments: the posterior pararenal space, the anterior pararenal space, and the perirenal space [15] .
A review of the literature revealed that the peritoneum and renal fascia play an important role in preventing the spread of disease between the perirenal space and the extraperitoneal pelvis [16] . The anterior and posterior leaves of renal fascia, referred to as Gerota's fascia, merge to form a single multilaminar fascia in the iliac fossa isolating the perirenal space from the extraperitoneal pelvis [16, 17] . However, there is some debate concerning the degree of communication between retroperitoneal and intraperitoneal spaces due to the lack of fusion caudally of the anterior and posterior leaves of Gerota's fascia [16, 18] . The lack of fusion is referred to as an open cone [16] . The open cone concept is supported by studies that show pelvic extension of retroperitoneal fluid may occur by flowing from the infrarenal extraperitoneal space into the pelvic extraperitoneal space [19] . It is likely that the single multilaminated structure formed by the merging of the anterior and posterior leaves of Gerota's fascia contains a potential space that allows some permeability between its layers [15, 16] . Even so, it is rare for perirenal disease to extend into the pelvis and an open cone has not been observed on CT scans [16] . Although there is some communication between retroperitoneal and intraperitoneal spaces due to the lack of fusion of Gerota's fascia, the single multilaminar fascia formed by Gerota's fascia acts as a barrier of disease extension, effectively closing the cone of the renal fasciae [16, 17] .
As mentioned previously, our patient underwent transabdominal/transperitoneal partial nephrectomy following a stab injury to her left renal artery and left kidney. During this procedure, both the peritoneum and Gerota's fascia were opened, exposing the perirenal space to the extraperitoneal environment and intraperitoneum. A review of the literature reveals that closure of the fascia and peritoneum decrease the risk of tumor seeding and metastasis in experimental models [20, 21] . Furthermore, the literature shows that peritoneal defects may play an important role in tumor implantation and tumor metastasis [22] . It is our understanding that the failure to close the fascia and peritoneum in this patient promoted the tumor expansion from the splenic flexure into the perirenal space and into the kidney.
Conclusions
Extraluminal colonic carcinomas are a rare tumor entity by itself, and with invasion into the kidney even more. The peritoneum and Gerota's fascia are strong barriers for malignant tumors as seen in daily oncological surgery and in vivo experiments. In order to minimize and possibly delay local tumor invasion, the peritoneum and layers of fascia should be closed after surgery in an attempt to restore the normal anatomical situation.
